The paper analyzes results of the innovative activity of industrial enterprises, using surveys of innovative activity in the Ukrainian economy. The study estimates the impact of innovation on labor productivity on the basis of Crepon, Duguet, Mairesse methodology (CDM model). An econometric model is suggested to determine the depending of labor productivity on the research and development, the number of developed new products and new processes implemented in domestic enterprises during the period of 2000-2012. The paper confirms that innovation has a positive impact on labor productivity for Ukrainian enterprises. The purpose of the article is to evaluate the quantitative impact of innovation on labor productivity on the basis of econometric modeling in domestic enterprises. Keywords: labor productivity, domestic enterprise, impact of innovations, innovative activity, Ukrainian economy, innovations in Ukraine.
Introduction
The current strategy of economic development of Ukraine is aimed at economic restructuring and establishing international economic partnerships. It urgently requires finding some new and improving the existing ways to increase labor productivity. High level of labor productivity is a main prerequisite for the effective functioning of the enterprises in market conditions as well as a major factor of competitiveness and, consequently, a foundation for the improvement of life quality.
In order to achieve sustainable development and to succeed in the competitive market condition enterprises need to increase productivity. Moreover, it is necessary for them to reject the resource-oriented economy in favor of the innovation-driven one.
In an increasingly competitive environment the enterprises, whose flexibility is based on ability to introduce innovations and to adapt to current requirements in shortest terms, are occupying leading market positions, so the importance of the innovative activities is greatly emphasized by the current economic conditions.
While the Ukrainian economists tend to ignore the importance of modeling of the effect of innovations on labor productivity, their foreign colleagues are studying the interrelationship and mutual influence of these factors for many years. Among the researchers concentrating on that topic the following ones are worthy to be mentioned: Loof, H.A. Heshmati, R. Asplund, S.-O. Nåås; Griffith, R., E. Huergo, J. Mairesse, B. Peters; BenaventeJ.; Masso, J., P. Vahter; Crepon, B., E. Duguet; S. Robin; M. Polder, G. VanLeeuwen, P. Mohnen, W. Raymond, O. Grishnova and others.
Despite the empirical studies are abundant, the assessment of the influence of the innovations (both product-and process-wise) is relatively vague, especially in quantitative terms.
Method
The most wide-spread methodic of studying of influence of innovations on labor productivity that the majority of the foreign studies are based upon is a CDM-model developed by Crépon, Duguet and Mairesse (Crepon et al., 1998) . In bare outlines the CDM-model is built as a three-stage econometric model which establishes the relationship between labor productivity and innovations and includes a system of three equations: the equations of the innovation input and output and the equation of productivity which are being modeled in sequential order.
Jacques Mairesse and Stéphane Robin have proposed a slightly modified model which includes five equations (Mairesse and Robin, 2010) . The first couple of them models the decision making processes dealing with the expedience and activity of research and development. The third and fourth equations estimate the amount of knowledge produced as a function of the product-and process-based innovations. The fifths (and the last) equation establishes the influence of both types of innovations onto labor productivity which is defined as a ratio of the GDP to the number of employees. It can be noted mathematically as follows:
, where x ki (k = 1,…,5) is a vector of independent variables; uik is a random value; and βk is a vector of parameters to be assessed.
The first equation in this system reflects the entrepreneurial decision concerning carrying out the research and development on an ongoing basis. If companies are reporting their research and development activity then r i = 1; otherwise r i = 0. The second line describes the company's efforts dedicated to research and development in form of a linear equation between the logarithm of research and development activity (defined as the amount of the research and development investments per employee) and the potential determinants x2i.
The third (the fourth) equation models the company's possibility to carry out product-based (processbased) innovations during the report period. This couple of equations are expressed by a probit-model which includes endogenous regressor (ln rd is a logarithm of the research and development activity, which in turn is a dependent variable in the second equation of the system (1)) and several exogenous regressors represented by the controlled variables from x3i and x4i correspondingly. In literature these two equations are commonly referred to as a knowledge production function.
The fifth equation models logarithm of labor efficiency as a function of product-and process-based innovations and controlled variables.
Thus, the purpose of the CDM model in its essence is to reflect the impact of the innovation expenditures on the results of innovative activity and the impact of the latter on labor efficiency.
Results
To assess the impact of the innovations on labor efficiency in Ukraine using methodology of Crepon, Duguet and Mairesse, let us take into account the innovation activity surveys in the Ukrainian economy drying the periods of 2006-2008 and 2008-2010 (obtained using the internationally accepted methodology), the level and dynamics of labor productivity (derived from the purchasing power parity) and build an econometric model which describes the relationship between the innovation activity and labor productivity.
Consider the following source data for the model. 1. The first equation of system (1) reflects the decision of a company to implement some innovations. The dependent variables can include: the amount of investments in internal and external scientific research and development (R&D), acquisition of machinery, equipment and software, acquisition of patents and knowhow and other knowledge from third parties; organization of basic training for personnel to carry out the innovation activities in order to develop novel or significantly improved products or processes and to introduce novel or significantly improved products or processes to the market (Fig. 1) . The independent variables in the first equation are: the size of the company, which is defined as the natural logarithm of the number of employees; three dummy variables characterizing the market orientation of the companies (the domestic market, the EU market, some other markets; Fig. 2) ; four dummy variables characterizing the set of factors hindering the implementation of innovations (Table 1) ; two dummy variables, reflecting the implementation of organizational and marketing innovations. Numerous factors were hindering the innovations. In most cases the innovation activities require significant investments into technical equipment and salaries attractive for the highly qualified personnel. These costs are quite high and do not guarantee a quick payback. So the biggest obstacle for the enterprises to implement innovations is the monetary factor.
A lot of markets are fiercely competitive, some of them are prone to be overstocked and permanent generation of new ideas for production of novel goods and services is not always an easy task. These obstacles form a group of market factors. The factors related to collaboration and information exchange issues as well as with the highly qualified personnel availability form an information factors group.
2. The second equation (innovation input) of system (1) contains a dependent variable describing a total amount of finances consumed by the innovative activities of a company (Fig. 3) The independent variables of the second equation are: the dummy variables reflecting the percentage of the enterprises whose innovative activities were financially supported by the state and four dummy variables describing the most important source of information used for the innovation activities (Table 2) . The consumers and the providers of the equipment, consumables, components and software supply the companies engaged in innovation activities with very important information. But the collaboration channels with scientific and especially with educational establishments look rather weak and underused.
Fig
The share of the enterprises whose innovation activities are financially supported by the state during the period of 2008-2010 has grown by 1.6% in comparison to the period of 2006-2008 due to the growing amount of financing from the central, regional and local state authorities.
1. The third (fourth) equation of the system (1) (innovation output) contains a dependable variable computed as a natural logarithm of the share of the novel products and services in total volume sales (Fig. 4) . The independent variables of the third equation of the model are: the size of a company; the volume the financing of the innovation activities (Fig. 3) , which is a dependent variables in the second equation; four dummy variables describing the most important source of information used for the innovation activities (Table 2) ; two dummy variables reflecting the activity of introduction of organizational and marketing innovations; and dummy variables reflecting the share of the enterprises whose innovation activity was financially supported by the state.
3. The dependent variable of the fifth equation of system (1) is a natural logarithm of labor productivity computed as a ratio of the GDP to the number of employees (Fig. 5) . The independent variables of the fourth equation of the model are: the natural logarithm of the share of the novel products and services in total sales volume (Fig. 4) which is a dependent variable in the equation 3 (4); two dummy variables reflecting the pace of the introduction of innovations into production processes and mastering the production of innovative products (Fig. 6) ; and four dummy variables describing the factors hindering the introduction of the innovations (monetary and market ones etc; Table 1 ).
In the year of 2011 731 enterprises have introduced 3238 items of different products, which exceeded the data of the previous year by 34.5%. In particular, the novel machines, pieces of equipment, instruments and apparatus were amounted to 897 items. 900 items were considered to be novel for the market exclusively which corresponds to 27.8% of the total amount. 677 enterprises have reported the introduction of novel processes. 605 enterprises have introduced novel methods of processing or production and 517 of them were low-waste and resource-saving ones. 83 enterprises have introduced novel or improved logistics, delivery or distribution processes; 140 -novel or improved methods of support of the production processes including the material support as well as the purchasing, accounting and financial settlement systems. As is obvious, all the variables of the model (except the ones related to product innovations) are significant when the significance level is 5% or 1%, as Prob<0.01. The model is adequate because the determination quotient (R-squared) and the corrected determination quotient (AdjustedR-squared) > 0,75 and are respectively equal to 0,994 and 0,991, while Prob(F-statistic) > 0,05 and is equal to 0,01. Therefore the result of the modeling is acceptable.
The model has the following mathematical interpretation: LOG(LPGDPT) = 0.1237124094*LOG(PROC) + 0.05123064799*LOG(PROD) + 0.1206931947 * *LOG(RD) + 1.045144644*LOG(VALUEADD) -5.574358893.
Discussion
Thus the performed investigation shows a positive influence of the innovations on labor efficiency of the Ukrainian enterprises. The impacts of the logarithms of the activity of the introduction the novel processes and products as well as the amount of research and development investments onto the logarithm of labor efficiency are equal to 12.44%, 5.12% and 12.07% respectively. The results show that only the process innovations (unlike the product ones) are significant for labor efficiency. This can indicate either that the companies have failed to convert the product innovations into a tangible labor efficiency increase or that the time lag of the product innovation influence exceeds the observation time interval.
